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"The  noblest  of  the  elements  is  water." 

—Pindar 


A  human  being  can  live  longer  without  food  than  without  water— nothing  on  earth  is  more 
necessary  to  life  of  all  kinds.  Water  in  Montana  can  mean  granaries  full  of  wheat,  grass  for  elk 
and  antelope,  good  fishing,  fat  cattle,  and  power  for  electricity.  Almost  44  million  acre-feet  of 
water  flow  out  of  Montana  each  year.  (An  acre-foot  is  the  amount  of  water  needed  to  cover  one 
acre  of  land  with  one  foot  of  water— a  space  about  the  size  of  a  football  field.)  Sixty-five 
percent  of  the  water  that  leaves  the  state  each  year  originates  inside  its  borders.  It  moves 
through  Montana  in  three  large  river  systems. 


Figure  1 .  Rivers  of  Montana 
Note:  The  width  of  the  streams  indicates  the  average  annual  flow. 


Montana's  River  Systems 

If  you  look  at  a  map  of  Montana  you'll  see 
that  rivers  that  begin  within  a  few  miles  of 
each  other  empty  into  bodies  of  water 
thousands  of  miles  apart,  as  shown  in  fig- 
ure 1.  Montana's  western  mountain  ranges 
are  like  a  great  crumpled  piece  of  canvas. 
They  hold  in  their  folds  the  beginnings  (or 
headwaters)  of  streams  and  rivers  that 
form  the  three  major  river  basins  in  the 
state. 

The  Madison,  Jefferson,  and  Gallatin 
rivers,  rising  from  the  high  ridges  along 
the  Idaho  border  to  the  south,  join  at  Three 
Forks,  Montana,  to  form  the  Missouri 
River.  One  after  the  other,  the  Smith,  Sun, 
Marias,  Musselshell,  and  Milk  rivers  flow 
into  this  river  as  it  runs  northward,  and 
then  to  the  east,  following  the  ancient  line 
left  by  retreating  glaciers.  Another  fold  in 
the  Rockies  tips  the  waters  of  the  Yellow- 
stone River  north  from  Wyoming  into 
southern  Montana.  Both  these  great  rivers 
meet  just  over  the  border  in  North  Dakota. 
Then  they  flow  southeast  to  join  the  Mis- 
sissippi, emptying  at  last  into  the  Gulf  of 
Mexico. 

Along  the  Continental  Divide  in  western 
Montana,  the  streams  that  feed  into  the 
Columbia  River  run  toward  the  Pacific.  The 
Kootenai  River  turns  south  from  Canada 


into  Montana's  northwest  corner.  It  then 
loops  back  to  flow  into  the  Columbia.  The 
Clark  Fork  River  is  joined  by  the  Blackfoot, 
Bitterroot,  and  Flathead  rivers  before  leav- 
ing the  state  near  Noxon  to  join  the  Colum- 
bia in  northeast  Washington. 

The  St.  Mary  River  originates  in  Glacier 
Park,  but  flows  north  through  the  Saskat- 
chewan Basin  of  Canada,  finally  reaching 
Hudson  Bay.  From  Triple  Divide,  in  Glacier 
Park,  water  runs  to  the  Pacific,  the  Gulf  of 
Mexico,  and  Hudson  Bay. 

Ground  Water,  Our  Hidden  Water 
Supply 

The  water  you  see  in  Montana's  rivers, 
streams,  and  lakes  is  called  surface  water. 
The  other  chief  source  of  our  water  supply 
is  hidden,  and  although  it's  called  ground 
water,  underground  water  might  be  a  bet- 
ter name  for  it  (figure  2). 

Capillary  action*  causes  some  of  the  wa- 
ter that  has  soaked  into  the  ground  during 
a  rainshower  to  move  through  the  earth 
and  reach  a  stream,  lake,  or  spring.  Water 
used  in  irrigation  moves  this  way.  but  also 
moves  downward  by  gravity  flow  to  reach 
the  roots  of  the  crops.  Not  all  of  it  is  used, 
however;  the  rest  returns  to  the  waterways 
or  to  the  deeper  storage  of  an  aquifer. 
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Figure  2.  Schematic  of  Surface  Water,  Ground  Water,  and  Artesian  Ground  Water 


*  Capillary  action  is  caused  by  the 
attraction  that  water  molecules 
have  for  each  other — rain  drops  are 
made  of  many  water  molecules  that 
have  gathered  together. 

There's  also  an  attraction  be- 
tween water  molecules  and  soil  par- 
ticles, and  this  causes  water  to 
move  through  soil.  When  a  drop  of 
water  falls  on  a  soil  particle,  it 
makes  a  thin  film  around  the  soil 
particle,  because  there  is  a  stronger 
attraction  between  the  soil  particle 
and  the  water  molecule  than  there 
is  between  the  water  molecules 
themselves. 


You  can  see  rain  or  snow,  just  as  you  can 
see  surface  water.  What  isn't  visible  is  the 
endless  cycle,  called  the  hydrologic  cycle, 
that  cools,  circulates,  and  distributes 
moisture  over  the  earth  (figure  3).  As 
shown  in  the  illustration,  water  is  drawn 
by  evaporation  into  the  atmosphere  where 
it  cools  and  forms  clouds,  which  then  re- 
turn it  to  the  earth  as  rain  or  snow.  The 
moisture  that  falls  on  the  land  runs  off  into 
waterways  or  soaks  into  the  ground,  or 
evaporates  again  into  the  atmosphere.  In 
Montana,  most  moisture  falls  in  the  moun- 
tainous western  third  of  the  state.  The 
plains  receive  less  precipitation,  and  most 
of  it  falls  in  early  spring  or  late  fall.  All 
phases  of  the  hydrologic  cycle  occur  all 
over  the  state. 
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Figure  3.  The  Hydrologic  Cycle 
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Aquifers 

An  aquifer  may  be  an  underground  zone 
of  gravel  or  sand,  a  layer  of  sandstone,  a 
zone  of  broken  or  cracked  rock,  or  a  layer 
of  cavernous  limestone.  Ground  water  is 
stored  in  rock  formations  that  are  able  to 
absorb  and  hold  it,  somewhat  like  giant 
sponges.  Water  is  stored  in  the  tiny  pore 
spaces  in  the  grainy  structure  of  these 
rocks.  Although  sandy  soil  has  a  high  per- 
centage of  pore  spaces  (30  to  40  percent), 
hard  sandstone  has  less  ( 1 5  to  20  percent) . 
Clay  has  5  percent,  and  shale  is  considered 
impervious— that  is,  it  is  almost  water- 
tight. Shallow  ground  water  usually  is  less 
than  75  feet  below  the  surface.  Deep,  or  ar- 
tesian, water  may  rest  in  aquifers  many 
hundreds  of  feet  deep  in  the  earth.  (Such 
water  moves  from  higher  ground,  and  is 
under  enough  pressure  to  make  it  flow  up- 
ward when  a  well  is  drilled  into  it.) 

In  the  southeastern  part  of  the  state  lies 
the  western  part  of  the  Fort  Union  geologic 
formation,  made  up  of  layered  sandstones, 
shale,  and  coal  beds.  Some  water  can  be 
reached  by  drilling  70  to  200  feet.  Beneath 
are  thousands  of  feet  of  older  rock  such  as 
the  Hell  Creek-Fox  Hills  formation;  these 
deep  formations  often  contain  artesian 
ground  water. 

Deeper  still  are  the  sandstones  of  the 
Muddy,  Dakota,  and  Kootenai  formations. 
At  the  western  edge  of  the  plains  the  Judith 
River  formation  yields  good  supplies  of 
ground  water. 

Central  Montana's  underground  rock 
formations  receive  surface  water  that  re- 
charges (or  refills)  the  aquifers.  High  water 
tables  frequently  occur  in  these  areas. 
Some  of  the  gravel  benches,  like  those 
around  the  Big  Snowy  Mountains,  south  of 
Lewistown,  yield  small  to  moderate 
amounts  of  ground  water. 

The  Madison  limestone  formation  of  cen- 
tral Montana  could  provide  great  amounts 
of  usable  water.  In  some  places,  though,  it 
can't  be  used  for  irrigation  and  is  unfit  for 
many  industrial  uses  because  of  a  high 
mineral  content.  Just  as  lime  deposits 
form  in  a  teakettle,  the  same  deposits  can 
clog  industrial  equipment.  Besides  being  of 
poor  quality,  the  water  may  be  so  far  below 
the  surface  that  the  pumping  costs  would 
be  too  great. 

To  the  west,  the  valleys  collect  runoff 
from  rain  and  snow  in  the  mountains  in 
deep  sedimentary  formations.  Many  layers 


of  silt  and  sand  make  up  such  formations, 
which  can  hold  vast  amounts  of  water. 
Throughout  most  of  the  state  the  sand  and 
gravel  along  streambeds  is  a  good  source  of 
water  for  domestic  use.  A  well  only  20  feet 
deep  can  yield  plentiful  supplies. 

About  half  of  Montana's  population  lives 
in  small  towns  and  on  farms  and  ranches. 
Seventy-five  percent  of  the  state's  popula- 
tion is  served  by  public  water  supply. 
Others  must  have  their  own  wells  for  do- 
mestic use,  so  reaching  a  reliable  source  of 
water  is  important  to  them. 

Cities  across  Montana  use  both  ground 
water  and  surface  water  for  household  and 
other  uses  such  as  watering  lawns  and 
parks,  street  cleaning,  and  fire  fighting. 
Ground  water  supplies  54.5  million  gal- 
lons a  day  (MGD);  surface  water  supplies 
83.2  MGD. 

Montana's  Water  Supply — How 
Much  is  Enough? 

The  amount  of  water  in  rivers  and 
streams  varies  from  year  to  year  and  from 
spring  to  fall.  After  a  usual  winter's  snow- 
fall, the  warming  weather  of  springtime  in 
the  Rockies  makes  Montana  water-rich. 
The  snow  and  ice  melt,  June  rains  add  to 
the  torrents,  and  in  about  eight  out  of  ten 
years  every  stream  and  river  fills  to  its 
banks.  Much  of  the  state  is  considered 
semiarid  and  has  seasonal  water  short- 
ages, so  it's  necessary  to  store  some  of  this 
water  for  later  use. 

Reservoirs  retain  15  percent  of  the  an- 
nual water  supply.  If  you  flew  over  the 
state  in  summer,  you'd  see  many  small 
farm  ponds,  but  they  hold  only  a  small  part 
of  the  water  used  by  agriculture.  Besides 
61,000  ponds,  67  reservoirs  with  a  total  of 
over  600.000  acres  of  surface  area  store 
water.  There  are  also  1,500  natural  lakes 
in  the  state.  (Most  are  in  low  places  left  by 
the  glaciers  that  once  covered  northwest- 
ern and  north  central  Montana.)  Flathead 
Lake,  in  the  northwestern  corner  of  the 
state,  is  the  largest  fresh-water  lake  west 
of  the  Mississippi  River,  with  a  surface  area 
of  126,000  acres,  ''•■i. 

Eighty-two  percent  of  the  water  we  use  is 
used  for  crops— over  2.5  million  acres  are 
under  irrigation  in  Montana.  Figure  4 
shows  one  method  of  irrigating  with  perfo- 
rated pipes  that  are  moved  on  large  wheels 
across  the  fields.  A  motor-driven  pump 
draws  the  water  from  ditches  or  streams. 
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Figure  4.  Sprinkler  Irrigation 


The  other  principal  uses  of  water, 
amounting  to  only  3  percent,  are  for  in- 
dustry, the  towns,  livestock  watering,  and 
rural  home  use.  However,  the  water  stored 
in  reservoirs  is  also  available  for  hydro- 
power,  to  maintain  wildlife  habitat,  and  for 
recreation. 

Among  dams  in  Montana  are  Libby,  Ti- 
ber, Yellowtail,  and  Hungry  Horse  (which  is 
shown  on  the  cover).  Fort  Peck  reservoir, 
fifth  largest  in  the  United  States,  not  only 
helps  to  maintain  navigation  and  flood 
control  on  the  lower  Missouri  River,  but 
provides  hydroelectric  power  as  well.  Fig- 
ure 5  is  a  schematic  drawing  of  a  dam 
showing  how  the  water  is  stored  for  dif- 
ferent uses. 

Dams  serve  an  important  purpose  in  con- 
trolling flood  waters;  they  also  serve  to 
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maintain  proper  flow  downstream.  Water 
that  is  going  too  fast  can  "scour"  the  bot- 
toms of  streams,  destroying  both  the  food 
and  the  eggs  of  fish.  On  the  other  hand,  wa- 
ter must  be  going  fast  enough  to  keep  parti- 
cles of  soil  and  debris  (sediments)  in 
suspension.  At  lower  speeds,  sediments 
drop  out  and  may  cover  and  kill  the  eggs  of 
fish  and  insects,  or  actually  suffocate  fish 
by  clogging  their  gills. 

Low  water  can  expose  the  bottoms  of 
stream  channels,  allowing  predators  to 
reach  waterfowl  nests  on  sandbars  and 
islands.  High  water  can  destroy  a  genera- 
tion of  young  ducks  and  geese,  and  wipe 
out  whole  populations  of  insects  that  are  in 
larval  stages.  Of  course,  humans  can  suf- 
fer from  flooding,  too.  Even  with  about  25 
dams  in  the  state,  flooding  occurs.  A  num- 
ber of  streams  in  Montana  are  small  and 
have  no  dams,  so  their  flooding  can't  be 
controlled. 

The  reservoirs  behind  some  dams  pro- 
vide summer  recreation — sailing,  swim- 
ming, and  fishing.  In  winter,  Montanans 
enjoy  ice  fishing  at  Georgetown,  Hebgen, 
and  Seeley  lakes  and  many  others. 

Geothermal  Water 

On  Montana's  southern  border,  the 
steaming,  bubbling  geysers  of  Yellowstone 
Park  are  exciting  evidence  of  the  volcanic 
action  that  took  place  in  the  northern 
Rockies.  Montana  has  many  hot  springs 
(figure  6);  most  are  used  for  swimming,  but 
in  White  Sulphur  Springs  a  geothermal 
spring  heats  buildings  on  the  town's  main 
street. 

Geothermal  water  gets  its  heat  from 
several  sources:  hot  rock — lava  below  the 
earth's  crust;  natural  radioactive  decay  in 
old  granite  like  that  of  the  Boulder  batho- 
lith;  or  from  chemical  reactions.  Deeply 
circulating  water  picks  up  the  heat,  and  the 
hot  water  rises  to  the  surface.  The  hottest 
spring  in  Montana,  at  193  °F,  is  at  Ennis. 
Hunter  Hot  Springs,  east  of  Livingston,  is 
140  °F  and  flows  at  1,500  gallons  a 
minute.  Boulder  Hot  Springs,  160°F,  rises 
from  the  granite  of  the  Boulder  batholith. 

Plans  are  under  way  for  more  use  of  this 
source  of  energy;  it  is  only  valuable  if  it  can 
be  used  near  where  it  occurs,  or  changed 
into  another  form.  Water  loses  heat  rather 
rapidly,  at  about  one  degree  per  mile,  so  it 
can't  be  piped  any  great  distance. 


Figure  5.  Schematic  of  Hydroelectric  Dam 
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Figure  6.  Hot  Springs  in  Montana 


Water  Quality  Problems 

Most  of  today's  water  quality  problems 
are  due  to  pollution.  Some  pollution  results 
from  natural  processes  like  erosion  or 
flooding,  which  can  add  tons  of  silt  to  the 
water  (figure  7).  In  many  cases  such  pollu- 
tion can't  be  controlled.  For  instance,  the 
rivers  that  drain  from  Yellowstone  Park 
contain  high  levels  of  arsenic  and  fluorides 
from  the  geothermal  activity  there. 


However,  much  of  the  pollution  caused 
by  humans  can  be  controlled.  Water  qual- 
ity problems  on  some  of  western 
Montana's  creeks  are  the  result  of  earlier 
mining  and  milling  operations.  Grass- 
hopper Creek  in  the  Upper  Missouri  is  one: 
others  high  in  acids  and  metals  are  Belt 
Creek,  the  Blackfoot  River  drainage,  and 
the  Upper  Stillwater  River. 

Hardrock  mining  suddenly  exposes  large 
amounts  of  pyrite,  a  yellow  mineral  that  is 
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Figure  7.  Silt  Entering  the  Yellowstone  River 


a  source  of  sulphur.  Water  draining 
through  the  tailing  piles  where  mine  waste 
is  dumped  can  become  highly  acid.  When 
this  water  enters  streams  or  becomes  part 
of  the  ground  water,  it  kills  fish  and  other 
aquatic  life. 

Several  of  Montana's  smaller  towns  and 
at  least  one  city  release  municipal  wastes 
that  need  further  treatment. 

Logging  and  farming  activities  also  add 
to  Montana's  water  quality  problems.  Log- 
ging and  the  roads  required  for  it  may  leave 
steep  slopes  unprotected;  erosion  follows 
and  silt  enters  nearby  streams.  Mills  that 
process  wood  products  may  discharge  acid 
wastes  into  streams.  Erosion  on  croplands 
can  deposit  sediment,  the  biggest  agri- 
cultural pollutant;  fertilizer  chemicals 
washed  into  streams  by  irrigation  water 
are  also  sources  of  pollution.  Natural  flood- 
ing can  break  down  streambanks  and 
carry  away  tons  of  soil  (figure  8). 

Saline  seep  is  a  widespread  problem  in 
Montana,  especially  in  the  northern  plains, 
where  there  is  a  deep  layer  of  glacial  till 
(unsorted  clay,  sand,  gravel,  and  boulders). 
You  may  have  seen  white  patches  on  fields 
and  in  gullies;  these  saline  deposits  are 
usually  caused  by  farming  methods  that 
leave  the  ground  fallow  {plowed  but  not 
planted)  as  long  as  two  years.  The  problem 
becomes  worse  in  wet  years.  The  glacial 
soil,  which  is  naturally  high  in  salts,  is  ex- 
posed to  more  moisture  than  it  can  hold.  It 
becomes  loaded  with  mineral  salts,  which 


dissolve;  the  salty  solution  moves  along 
the  water  table  and  comes  to  the  surface, 
where  the  water  evaporates,  leaving  a  salt 
deposit.  Such  ground  becomes  useless  for 
crops.  Water  laden  with  mineral  salts  also 
reaches  waterways,  dropping  its  load  of 
salts  and  reducing  the  quality  of  water  in 
streams  and  rivers. 

All  these  pollution  problems  may  seem 
almost  too  much  to  handle.  However,  there 
are  many  solutions  to  them.  Towns  can  im- 
prove their  sewage  treatment  lagoons.  In- 
dustrial plants  can  install  cooling  and 
settling  ponds,  filters,  and  cooling  towers. 
Better  information  is  being  made  available 
on  prevention  of  these  problems,  and 
stricter  laws  can  make  it  more  desirable  to 
prevent  pollution  than  to  clean  it  up.  Most 
water  quality  problems  are  easier  to  cope 
with  close  to  the  source,  and  prevention  of 
pollution  is  still  the  best  solution  where  it's 
possible. 

Water  Rights 

Because  water  is  especially  valuable 
where  it's  not  always  in  good  supply,  laws 
to  control  its  use  are  important  in  the  west. 
Early  miners  needed  lots  of  water  to  work 
their  claims,  so  they  were  the  first  to  call 
on  the  law  to  protect  their  right  to  use  cer- 
tain amounts  of  water.  Farmers  and 
ranchers  followed  suit,  and  water  rights 
are  now  considered  an  important  part  of 
the  value  of  a  piece  of  land.  The  basic  idea 
behind  water  law  in  Montana  is  still  "first 
in  time  is  first  in  right." 


Soil  Conservation  Service 


Figure  8.  Slrcauibank  Erosion  in  a  Field  near  Augusta,  Montana 
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Suggested  Class  Projects 


1 .  Ask  your  local  Soil  Conservation  Serv- 
ice representative  to  lead  a  field  trip  so 
you  can  learn  about  water  use  on  area 
farms. 

2.  Have  a  Fish,  Wildlife,  and  Parks 
speaker  talk  to  your  class  about  the  wa- 
terfowl and  animals  that  live  on  or  near 
lakes,  ponds,  and  streams. 

3.  Buy  a  rain  gauge  (your  hardware  store 
has  them  for  under  $2)  and  keep  a  re- 
cord of  how  many  inches  of  rain  fall 
during  rainshowers.  You  can  make  your 
own  gauge  with  a  straight-sided  jar  or 
glass  marked  off  in  inches. 

4.  You  can  learn  how  to  measure 
streamflow.  Measure  and  mark  a  100- 
foot  distance  along  a  st-iaight  stretch  of 
a  stream.  Throw  a  short  stick  in  the  wa- 
ter above  the  upstream  marker.  Record 


the  number  of  seconds  it  takes  to  float 
down  to  the  lower  marker.  Use  this  for- 
mula to  figure  the  flow: 
100  feet  -H  seconds  it  took  stick  to  float 
100  feet  =  feet  per  second  of  flow. 


Further  Reading 
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Montana  in  Maps.  1974.  Robert  L.  Tay- 
lor et  al.  Montana  State  University.  Boze- 
man. 

Water:  A  Primer.  1974.  Leopold.  Luna  B. 
W.  H.  Freeman  and  Company,  San  Fran- 
cisco. 

Water  Use  in  Montana.  1975.  Depart- 
ment of  Natural  Resources  and  Conserva- 
tion, Helena. 
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The  Montana  Department  of  Natural  Resources  and  Conservation  has  had 
many  requests  for  information  about  the  minerals,  water,  forests,  and  other 
resources  in  Montana.  This  booklet  is  one  of  a  series  presented  to  answer 
some  of  those  questions  and  to  stimulate  an  interest  in  the  natural  resources 
of  Montana.  The  University  of  Montana  cooperated  with  DNRC  in  preparing 
the  series  which  was  financed  in  part  by  a  federal  grant  made  under  Title  I  of 
the  Higher  Education  Act  of  1965. 
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